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Description
BACKGROUND

[0001] The subject matter disclosed herein relates to
combined cycle power plants, and more specifically, a
system, controls, and methodology for loading an elec-
trical grid from a combined cycle power plant.

[0002] Combined cycle power plants combine gas tur-
bine systems with steam turbine systems to produce
electricity while reducing energy waste. In operation, gas
turbine systems combust a fuel-air mixture to create
torque that drives a load, such as an electrical generator.
In order to reduce energy waste, combined cycle power
plants use thermal energy in gas turbine system exhaust
gases to create steam. Steam travels through a steam
turbine system and can create power that drives a load,
such as, but not limited to an electrical generator. Elec-
trical grids may receive power from a variety of sources,
increasing the number of times a combined cycle power
plant must adjust its power output to the grid depending
upon demand.

BRIEF DESCRIPTION

[0003] All aspects, examples and features mentioned
below can be combined in any technically possible way.
[0004] An aspect of the disclosure provides a method
of block loading an electrical grid with a combined cycle
power plant. The method comprises operating a gas tur-
bine system of the combined cycle power plant in an is-
landing mode with a steam turbine system of the com-
bined cycle power plant off line with turning gear rotating
only; loading the steam turbine system accordingly to
temperature matching conditions of the steam turbine
system, the loading of the steam turbine system includes
as controlling gas turbine exhaust fed to the steam turbine
system and the gas turbine exhaust temperature heats
the steam turbine system and to meet temperature
matching conditions of the steam turbine system; where-
in controlling gas turbine exhaustincludes controlling fuel
flow and air flow to the gas turbine system; and operating
at least one of the gas turbine system and steam turbine
system to block load the electrical grid from a load on at
least one of gas turbine system and steam turbine sys-
tem.

[0005] Another aspect of the disclosure includes any
of the preceding aspects, and, wherein only the gas tur-
bine system of the combined cycle power plant provides
electricity to the electrical grid when the gas turbine sys-
tem is in the islanding mode.

[0006] Another further aspect of the disclosure in-
cludes any of the preceding aspects, and, wherein both
the gas turbine system and steam turbine system provide
electricity to the electrical grid when the temperature
matching conditions of the steam turbine system are met.
[0007] A further aspect of the disclosure includes any
of the preceding aspects, and wherein controlling gas
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turbine exhaust temperature includes controlling fuel flow
to the gas turbine system.

[0008] A still further aspect of the disclosure includes
any of the preceding aspects, and, wherein controlling
gas turbine exhaust temperature includes controlling air-
flow to the gas turbine system.

[0009] Yet another aspect of the disclosure includes
any of the preceding aspects, and, wherein the steam
turbine system includes a heat recovery steam genera-
tor, the method further includes flowing gas turbine ex-
haust gas to the heat recovery steam generator of the
steam turbine system, and further controlling the temper-
ature of the gas turbine exhaust provided to the heat re-
covery steam generator for temperature matching con-
ditions of the controlling fuel flow to the gas turbine sys-
tem.

[0010] Another aspect of the disclosure includes any
of the preceding aspects, and wherein the block loading
of the electrical grid by following variable loading paths,
the variable loading paths dependent on at least one of:
control of fuel flow to the gas turbine system; control of
air flow to the gas turbine system; and temperature
matching of gas turbine exhaust with temperature match-
ing conditions of the steam turbine system.

[0011] An aspect of the disclosure includes any of the
preceding aspects, and wherein the steam turbine sys-
temincludes a heat recovery steam generator, the meth-
od further includes flowing gas turbine exhaust gas to
the heat recovery steam generator of the steam turbine
system, and further controlling the temperature of the
gas turbine exhaust provided to the heat recovery steam
generator for temperature matching conditions of the
controlling fuel flow to the gas turbine system.

[0012] Another further aspect of the disclosure in-
cludes any of the preceding aspects, and wherein the
steam turbine system can block load the electrical grid
after temperature matching conditions between the gas
turbine exhaust temperature and the steam turbine sys-
tem temperature matching conditions have met a thresh-
old correspondence value.

[0013] Another still further aspect of the disclosure in-
cludes any of the preceding aspects, and wherein oper-
ating the gas turbine system in the islanding mode further
includes warming up steam turbine system components;
the method further including operating the gas turbine
system at an intermediate load condition until a steam
turbine of the steam turbine system begins accelerating
to full speed.

[0014] Another aspect of the disclosure includes any
of the preceding aspects, and, wherein loading of steam
turbine system continues until a steam turbine of the
steam turbine system enters inlet pressure control and
temperature matching conditions of steam turbine sys-
tem are met by gas turbine exhaust gas.

[0015] Still another aspect of the disclosure includes
any of the preceding aspects, and, wherein once tem-
perature matching conditions are met, loading of the gas
turbine system and the steam turbine system continue
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concurrently until the block loading is complete and sub-
sequent loading of the electrical grid can continue from
loads connected to the gas turbine system and the steam
turbine system.

[0016] Another additional aspect of the disclosure in-
cludes any of the preceding aspects, and, wherein load-
ing of the electrical grid by the gas turbine system is con-
trolled to ensure that the steam turbine system loading
does not result in the gas turbine system unloading to
the electrical grid to an extent to compromise support for
auxiliary loads of the combined cycle power plant.
[0017] Anaspectofthe disclosure provides acontroller
for block loading an electrical grid with a combined cycle
power plant, the control enabling the combined cycle
power plant to flexibly operate and load a gas turbine
system of the combined cycle power plant, the controller
enabling operating a gas turbine system of the combined
cycle power plantin an islanding mode with a steam tur-
bine system of the combined cycle power plant off line
with turning gear rotating only; loading the steam turbine
system accordingly to temperature matching conditions
of the steam turbine system, the loading of the steam
turbine system includes as controlling gas turbine ex-
haust fed to the steam turbine system and the gas turbine
exhausttemperature heats the steam turbine system and
to meet temperature matching conditions of the steam
turbine system; wherein controlling gas turbine exhaust
includes controlling fuel flow and air flow to the gas tur-
bine system; and operating at least one of the gas turbine
system and steam turbine system to block load the elec-
trical grid from a load on atleast one of gas turbine system
and steam turbine system.

[0018] Another aspect of the disclosure includes any
of the preceding aspects, and, wherein the controller fur-
ther manages only the gas turbine system of the com-
bined cycle power plant to provide electricity to the elec-
trical grid when the gas turbine system is in the islanding
mode.

[0019] Another further aspect of the disclosure in-
cludes any of the preceding aspects, and, wherein both
the gas turbine system and steam turbine system provide
electricity to the electrical grid when the temperature
matching conditions of the steam turbine system are met.
[0020] Yet another aspect of the disclosure includes
any of the preceding aspects, and wherein the controller
further manages gas turbine exhaust temperature by
controlling fuel flow to the gas turbine system.

[0021] Another additional aspect of the disclosure in-
cludes any of the preceding aspects, and, wherein the
controller further manages gas turbine exhaust temper-
ature by controlling airflow to the gas turbine system.
[0022] Another aspect of the disclosure includes any
of the preceding aspects, and, wherein the steam turbine
system includes a heat recovery steam generator, the
controller further directs flowing gas turbine exhaust gas
to the heatrecovery steam generator of the steam turbine
system, and further controls the temperature of the gas
turbine exhaust provided to the heat recovery steam gen-
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erator for temperature matching conditions of the con-
trolling fuel flow to the gas turbine system.

[0023] An aspect of the disclosure includes any of the
preceding aspects, and, wherein the controller responds
to block loading of the electrical grid by following variable
loading paths, the variable loading paths dependent on
at least one of: control of fuel flow to the gas turbine sys-
tem; control of air flow to the gas turbine system; and
temperature matching of gas turbine exhaust with tem-
perature matching conditions of the steam turbine sys-
tem.

[0024] Two or more aspects described in this disclo-
sure, including those described in this summary section,
may be combined to form implementations not specifi-
cally described herein.

[0025] The details of one or more implementations are
set forth in the accompanying drawings and the descrip-
tion below. Other features, objects and advantages will
be apparent from the description and drawings, and from
the claims.

[0026] The illustrative aspects of the present disclo-
sure are designed to solve the problems herein described
and/or other problems not discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] These and other features of this disclosure will
be more readily understood from the following detailed
description of the various aspects of the disclosure taken
in conjunction with the accompanying drawings that de-
pict various embodiments of the disclosure, in which:

FIG. 1 is a schematic illustration of an embodiment
of acombined cycle power plant with a controller that
enables loading along different load paths, accord-
ing to embodiments of the disclosure;

FIG. 2 is an illustrative, non-limiting, graphical rep-
resentation of block loading of an electrical grid by
a combined cycle power plant after a black out oc-
currence showing variable load paths, according to
embodiments of the disclosure; and

FIG. 3 is an illustrative, non-limiting, graphical rep-
resentation of block loading of an electrical grid by
a combined cycle power plant after a black out oc-
currence illustrating Zones 1, 2, and 3 according to
embodiments of the disclosure; and

FIG. 4 is aflowchart of a block loading of an electrical
grid by a combined cycle power plant after a black
out occurrence.

[0028] It is noted that the drawings of the disclosure
are not to scale. The drawings are intended to depict only
typical aspects of the disclosure, and therefore should
not be considered as limiting the scope of the disclosure.
In the drawings, like numbering represents like elements
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between the drawings.
DETAILED DESCRIPTION

[0029] As an initial matter, in order to clearly describe
the current technology it will become necessary to select
certain terminology when referring to and describing rel-
evant machine components within a combined cycle
power plant to load an electrical power grid. To the extent
possible, common industry terminology will be used and
employed in amanner consistent with its accepted mean-
ing. Unless otherwise stated, such terminology should
be given a broad interpretation consistent with the con-
text of the present application and the scope of the ap-
pended claims. Those of ordinary skill in the art will ap-
preciate that often a particular component may be re-
ferred to using several different or overlapping terms.
What may be described herein as being a single part may
include and be referenced in another context as consist-
ing of multiple components. Alternatively, what may be
described herein as including multiple components may
be referred to elsewhere as a single part.

[0030] In addition, several descriptive terms may be
used regularly herein, and it should prove helpful to define
these terms at the onset of this section. These terms and
their definitions, unless stated otherwise, are as follows.
As used herein, "downstream" and "upstream" are terms
that indicate a direction relative to the flow of a fluid, such
as the working fluid through the turbine engine or, for
example, the flow of air through the combustor or coolant
through one of the turbine’s component systems. The
term "downstream" corresponds to the direction of flow
ofthefluid, and the term "upstream" refers to the direction
opposite to the flow. The terms "forward" and "aft," with-
out any further specificity, refer to directions, with "for-
ward" referring to the front or compressor end of the en-
gine, and "aft" referring to the rearward or turbine end of
the engine.

[0031] It is often required to describe parts that are
disposed at differing radial positions with regard to a cent-
er axis. The term "radial" refers to movement or position
perpendicular to an axis. For example, if a first compo-
nentresides closer to the axis than a second component,
it will be stated herein that the first component is "radially
inward" or "inboard" of the second component. If, on the
other hand, the first component resides further from the
axis than the second component, it may be stated herein
thatthe first componentis "radially outward" or "outboard"
of the second component. The term "axial" refers to
movement or position parallel to an axis. Finally, the term
"circumferential” refers to movement or position around
an axis. It will be appreciated that such terms may be
applied in relation to the center axis of the turbine.
[0032] In addition, several descriptive terms may be
used regularly herein, as described below. The terms
"first", "second", and "third" may be used interchangeably
to distinguish one component from another and are not
intended to signify location orimportance of the individual
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components.

[0033] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. As used herein,
the singular forms "a," "an," and "the" are intended to
include the pluralforms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when usedin this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof. "Optional" or
"optionally" means that the subsequently described
event or circumstance may or may not occur, and that
the description includes instances where the event oc-
curs and instances where it does not.

[0034] As embodied by the disclosure, "block loading"
means providing electricity to blocks with aload of various
sizes during network restoration. Network restoration can
occur after a grid failure, such as but not limited to, a
black out. For example, one block in a grid to be restored
may include any number of units, such as 1 to about 100
"units" (for example, but not limiting of the embodiments,
where a "unit" is a house, separate feed to meters, and
the like). Subsequent blocks may include more or less
units than the "one" block, for example, 5 units, 75 units,
250 units, 500 units, 1000 units, or any number of units.
The number of units and blocks discussed herein is mere-
ly exemplary of the disclosure and not intended to limit
the embodiments in any manner.

[0035] One or more specific embodiments of the
present invention will be described below. In an effort to
provide a concise description of these embodiments, all
features of an actual implementation may not be de-
scribed in the specification. It should be appreciated that
in the development of any such actual implementation,
as in any engineering or design project, numerous im-
plementation-specific decisions must be made to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which may vary from one implementation to an-
other. Moreover, it should be appreciated that such a
development effort might be complex and time consum-
ing, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure.

[0036] When introducing elements of various embod-
iments of the present invention, the articles "a," "an,
"the," and "said" are intended to mean that there are one
or more of the elements. The terms "comprising," "includ-
ing," and "having" are intended to be inclusive and mean
that there may be additional elements other than the list-
ed elements.

[0037] Theembodiments ofthe disclosure include con-
trols, systems, and methods for coordinating actions of
agas turbine and steam turbine, arranged in a combined
cycle power plant, when responding to block loads that
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arise in the restoration of a blacked-out electrical grid.
An aspect of the embodiments provides a combined cy-
cle power plant to restore a blacked-out electrical grid
without addition of new hardware. In other words, the
combined cycle power plant merely has a control system
or software-only upgrade. Accordingly, aspects of the
embodiments also enable the gas turbine and steam tur-
bine to restore a blacked-out electrical grid, thus provid-
ing for increased combined cycle power plant output and
shortened electrical grid restoration times.

[0038] Another aspect of the disclosure enables coor-
dination of gas turbine and steam turbine responses in
a combined cycle power plant (CCPP) to block load elec-
trical grids during restoration after a black-out event. Op-
erational controls of a gas turbine and a steam turbine in
a combined cycle power plant can regulate fuel and air-
flow in the combined cycle power plant. As embodied by
the disclosure, fuel flow to the gas turbine is controlled
to maintain gas turbine speed at 100% of gas turbine
rated speed for enhanced electrical grid loading. Thus,
gas turbine fuel flow in the combined cycle power plant
can maintain electrical grid frequency. As blocks of elec-
trical load are added to the grid, a generator’s speed may
droop momentarily. This drooping occurs because the
mechanical power output of gas turbine system 14 can-
not respond as fast as the electrical demand on the load
or generator 42. A resulting torque imbalance on gas
turbine system 14 and shaft 40 results in a slowing or
"drooping". Drooping may continue during block loading
until mechanical output increases to balance the electri-
cal demand. In this instance, frequency response of the
combined cycle power plant 10 can be seen as two dis-
tinct portions. One portion can be defined as an initial,
fast-acting portion, which is due to normal droop in load-
ing, followed by a second slower acting portion, which is
due to a "pseudo-isochronous" control loop. Gas turbine
fuel flow will be adjusted by the control schema and proc-
esses as embodied by the disclosure, to restore the com-
bined cycle power plant’s gas turbine speed and its output
to reload the electrical grid.

[0039] Concurrently, and in coordination with fuel flow
to the gas turbine, gas turbine airflow is regulated and
controlled to maintain a stable and substantially constant
gas turbine exhaust temperature. A constant gas turbine
exhausttemperature provides constant steam operation-
al conditions for steam turbine of the combined cycle
power plant. Independent control of gas turbine fuel and
airflow, as embodied by the disclosure, permits gas tur-
bine operation to absorb blocks of added load to the elec-
trical grid, while maintaining essentially constant grid fre-
quency and grid loading for electrical grid restoration.
Independent control of gas turbine fuel and airflow, as
embodied by the disclosure, also supports start-up of the
combined cycle power plant steam turbine and the steam
turbine feeding power to the combined cycle power plant
generator, and ultimately restoring the electrical grid.
[0040] Grid block loading after a black out is intended
to restore the electrical grid as quickly as possible. Grid
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restoration should enable blocks of various sized electri-
cal load to be fed to the grid during network restoration.
For example, as discussed above, one block in a grid to
be restored may include any number of units, such as
1-100 "units" (for example, but not limiting of the embod-
iments, houses, separate feeds to meters, and the like),
while subsequent blocks may include 250 units, 500
units, 1000 units or more, or any number of units, more
or less than the first block. In some instances, there may
be limits on the size of the block; however, the embodi-
ments herein are envisioned utilizable on blocks of var-
ying sizes. The number of units discussed herein is mere-
ly exemplary of the disclosure and not intended to limit
the embodiments in any manner. Of course, timeliness
and promptness of restoration is an important factor in
restoring power to the grid. Combined cycle power plants
are well suited to grid restoration, as they exhibit rapid
response and flexibility of operation, especially operation
of the gas turbines, as long as loading of a gas turbine
from the blackout does not adversely impact the steam
turbine’s operations.

[0041] Thus, as embodied by the disclosure, control of
and managing a combined cycle power plant gas turbine
enables it to provide a significant percentage of electrical
grid loading, such as after a black out. The control of and
managing a combined cycle power plant gas turbine also
provides conditions for subsequent inclusion of steam
turbine block loading of the electrical grid, which may not
be feasible in some combined cycle power plant meth-
odology and controls.

[0042] In the past where steam turbines have been re-
lied upon as the primary block loading features in a com-
bined cycle power plant, steam turbine and steam sys-
tems generally require significant physical modifications.
Physical modifications may include changes to steam
turbine control schema and processes as well as steam
system hardware, including, but not limited to, steam tur-
bine piping and control valves. Also, steam turbine mod-
ifications may result in slower response and steam pro-
duction from a heat recovery steam generator (HRSG)
in block loading.

[0043] Accordingly, aspects of the embodiments pro-
vide mechanisms, controls, and methodologies for a
combined cycle power plant to enable electrical restora-
tion to a blacked out electrical grid. Also, aspects of the
embodiments provide mechanisms, controls, and meth-
odologies for a combined cycle power plant to transition
from electrical grid restoration of a blacked out electrical
grid to normal operation.

[0044] Some combined cycle power plants, as noted
above, may not enable restoration of a blacked out elec-
trical grid, as its gas turbine cannot operate independ-
ently of its steam turbine. In those combined cycle power
plants, gas turbine controls are tightly coordinated with
agas turbine’s fuel flow and airflow in the combined cycle
power plant. This tight coordination may produce a single
predetermined loading path. A single loading path may
not provide adequate block loading from a combined cy-
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cle power plant, especially block loading of a combined
cycle power plant after a black out occurrence.

[0045] Thus, a flexible loading path, as embodied by
the disclosure, is provided with a combined cycle power
plant gas turbine, especially block loading of a combined
cycle power plant after a black out occurrence. The flex-
ible loading path sets forth a variable load path (VLP),
such as in OpFlex® gas turbine controls, provided by
General Electric Company of Schenectady, NY. OpFlex
or variable load path in gas turbine controls provide a
variable loading path and flexibility with a relaxation of
tightly coordinated gas turbine fuel flow and airflow, which
may be found in some existing gas turbine control sche-
mas.

[0046] Asembodiedbythedisclosure, gas turbine con-
trols with a flexible loading path and variable loading path
incorporate a control schema that supports gas turbine
operation with independent control and regulation of fuel
flow and airflow. A further aspect of the embodiments
provides fuel flow to the gas turbine being coordinated
with or proportional to at least one of gas turbine speed
and grid frequency. Additionally, as embodied by the dis-
closure, airflow to the gas turbine is coordinated with or
proportional to steam turbine operation(s).

[0047] Accordingly, the embodiments provide a refer-
ence or target value of gas turbine exhaust temperatures
based on steam turbine operational conditions. Thus, the
gas turbine exhaust temperatures based on steam tur-
bine operational conditions aligns and coordinating those
combined cycle power plant operational aspects. More-
over, as embodied by the disclosure, adjustment of gas
turbine exhaust temperatures in a combined cycle power
plant are in proportion to a steam turbine’s operational
state conditions, such as the steam turbine operational
condition being "warm," "hot" or "cold" for start.

[0048] The controls, systems, and methods, as em-
bodied by the disclosure, enable shorter startup times
for the combined cycle power plant, especially from black
out conditions to load the electrical grid. In other words,
controls, systems, and methods enable increasing oper-
ation of a gas turbine and a steam turbine in a combined
cycle power plant from a no-load scenario, such as after
a black out or first load state, to a base load or a second
load state to provide desired loading to the electrical grid.
The controls, systems, and methods herein enable ex-
pedited combined cycle power plant startup times
through increased steam production by variable loading
of gas turbine. Moreover, a further aspect of the embod-
iments provides systems and methods for enabling con-
trol of gas turbine exhaust gas temperature and gas tur-
bine loading to enhance steam production in a heat re-
covery steam generator (HRSG) of the combined cycle
power plant. Thus, the HRSG of combined cycle power
plant can produce steam of a sufficient temperature and
pressure for the steam turbine of the combined cycle
power plant to contribute to loading the electrical grid in
a block load scenario. A block load scenario is operable
to accelerate steam turbine startup for combined cycle
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power plant block loading the electrical grid.

[0049] FIG. 1is a block diagram of an embodiment of
a combined cycle power plant 10 with a controller 12 that
enables loading along different load paths. As embodied
by the disclosure, controller 12 enables combined cycle
power plant 10 to rapidly increase electrical output (i.e.,
loading) from an inactive state (i.e., no electrical output)
to an active state (i.e., electrical output requested for an
electrical grid). In other words, controller 12 enables com-
bined cycle power plant 10 to initiate steps to load to an
electrical grid. More specifically, controller 12 enables
combined cycle power plant 10 to increase power output
from a gas turbine system 14 and a steam turbine system
16 of combined cycle power plant 10 through increased
and accelerated steam production.

[0050] Combined cycle power plant 10 includes con-
troller 12, gas turbine system 14, steam turbine system
16, and a heat recovery steam generator (HRSG) 18. In
operation, gas turbine system 14 combusts a fuel-air mix-
ture to create mechanical power that drives a load 42
and/or 52 (as discussed hereinafter), for example and
not limited to, an electrical generator. In order to reduce
energy waste, combined cycle power plant 10 uses ther-
mal energy in gas turbine system 14 exhaust gases to
heat a fluid and create steam in HRSG 18. Steam travels
from HRSG 18 through steam turbine system 16 creating
torque that can also be applied to drive a load 42. While
notillustrated, generation of steam in HRSG 18 and sub-
sequent development of torque in steam turbine system
16 can be provided in a single shaft combined cycle pow-
er plant 10 with a single shaft, where torque could be
applied from both the gas turbine and steam turbine in-
dependently. Accordingly, combined cycle power plant
10 can combine gas turbine system 14 with steam turbine
system 16 to increase power production while reducing
energy waste.

[0051] Gas turbine system 14 includes an airflow con-
trol module 20, compressor 22, combustor 24, and tur-
bine 26. In operation, an oxidant 28 (for example and not
limited to air, oxygen, oxygen enriched air, or oxygen
reduced air) enters gas turbine system 14 through airflow
control module 20, which controls the amount of oxidant
flow (hereinafter "airflow") to gas turbine system 14. Air-
flow control module 20 may control airflow by heating
oxidant flow, cooling oxidant flow, extracting airflow from
compressor 22, using an inlet restriction, using an inlet
guide vane (IGV), or a combination thereof. For simplicity
of discussion, embodiments of the disclosure will refer
to IGVs as a device to control airflow to gas turbine sys-
tem 14. As the airflow passes through airflow control
module 20, air enters compressor 22. Compressor 22
pressurizes air 28 in a series of compressor stages or
rotor disks 30 with compressor blades. As compressed
air exits compressor 22, airflow enters combustor 24 and
mixes with fuel 32.

[0052] Gas turbine system 14 may use liquid or gas
fuel, such as natural gas and/or a hydrogen rich synthetic
gas, to operate gas turbine system 14. For example, fuel
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nozzles 34 may inject a fuel-air mixture into combustor
24 in a suitable ratio for enhanced combustion, emis-
sions, fuel consumption, and power output. As depicted,
a plurality of fuel nozzles 34 intakes fuel 32 from fuel flow,
mixes fuel 32 with air, and distributes an air-fuel mixture
into combustor 24. Air-fuel mixture combusts in a com-
bustion chamber within combustor 24, thereby creating
hot pressurized exhaust gases. Combustor 24 can direct
exhaust gases through gas turbine 26 toward an exhaust
outlet 36. As exhaust gases flow and pass through gas
turbine 26, gases contact turbine blades attached to tur-
bine rotor disks 38 or turbine stages. As exhaust gases
travel through gas turbine 26, exhaust gas flow may force
turbine blades to rotate rotor disks 38. Rotation of rotor
disks 38 induces rotation of shaft 40 and rotor disks 30
in compressor 22. A load 42 (such as but not limited to
an electrical generator) is directly connected to shaft 40
and uses rotational energy of shaft 40 to generate elec-
tricity for use by electrical grid 144. Grid 144 is indicative
of any electrical infrastructure for carrying energy from
combined cycle power plant 10 to its customers, e.g.,
electrical substations, distribution lines, etc.

[0053] As explained above, combined cycle power
plant 10 harvests energy from hot exhaust gases exiting
gas turbine system 14 for use by steam turbine system
16. As embodied by the disclosure, combined cycle pow-
er plant 10 channels hot exhaust gas 44 from gas turbine
system 14 into heat recovery steam generator (HRSG)
18. In HRSG 18, thermal energy in combustion exhaust
gases converts water into hot pressurized steam 46.
HRSG 18 then enables released steam in line 46 for use
in steam turbine system 16.

[0054] Steam turbine system 16 includes a steam tur-
bine 48, shaft 50, and load 52 (such as but not limited to
an electrical generator). As hot pressurized steam in line
46 enters steam turbine 48, steam contacts turbine
blades attached to turbine rotor disks 54, such as but not
limited to turbine stages. As steam passes through tur-
bine stages in steam turbine 48, steam induces turbine
blades to rotate rotor disks 54.

[0055] The rotation of rotor disks 54 rotates shaft 50.
As illustrated, load 52, for example an electrical genera-
tor, connects to shaft 50. Accordingly, as shaft 50 rotates,
load 52 uses rotational energy to generate electricity for
electrical grid 144. As pressurized steam in line 46 pass-
esthrough steam turbine 48, steam loses energy, in other
words steam expands and cools. After exiting steam tur-
bine 48, steam enters a condenser 49 before being rout-
ed back to HRSG 18 as feedwater, wherein it may be
converted back into steam reuse in steam turbine system
16.

[0056] Asexplained above, controller 12 enables com-
bined cycle power plant 10 to rapidly increase output,
also known as loading, from an inactive state or no load
to an active state where power is generated and provided
to electrical grid 144. The active state is where a specified
load is provided and load is delivered. In other words,
controller 12 enables the combined cycle power plant to
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flexibly operate and load gas turbine system 14. Flexible
loading of gas turbine system 14 may enable increased
steam production in HRSG 18, and accordingly enable
a relatively rapid start of steam turbine system 16. An
ability to rapidly start combined cycle power plant 10 and
increase the combined loading or electrical output from
gas turbine system 14 and steam turbine system 16 in-
creases the efficiency of combined cycle power plant 10.
Of course, increased efficiency of combined cycle power
plant 10 may result in saving time and money.

[0057] Combined cycle power plant 10 itself may in-
clude more than one gas turbine system 14 and steam
turbine system 16, and only one gas turbine system 14
and steam turbine system 16 are shown in FIG. 1 solely
for the sake of illustration. Compressor 22 may include
a set ofinlet guide vanes (IGVs) in airflow control module
20. IGVs (not illustrated for ease of understanding) are
atype of adjustable compressorinlet vanes that are struc-
tured specifically to direct the incoming flow of operating
fluid onto the rotating blades of compressor 20. IGVs may
be adjustable between several positions to affect the flow
rate, incident angle, and/or other properties of fluid en-
tering compressor 20. IGVs thus may be capable of af-
fecting the temperature of compressor 20, the power out-
put and exhaust gas temperature from gas turbine sys-
tem 14, and/or other properties.

[0058] Controller 12 includes a memory 56 and a proc-
essor 58. Memory 56 stores instructions and steps, such
as instructions and steps written in software code. Proc-
essor 58 executes the stored instructions in response to
feedback from combined cycle power plant 10. More spe-
cifically, as embodied by the disclosure, controller 12
controls and communicates with various components in
combined cycle power plant 10 to flexibly control loading
of gas turbine system 14. Control of loading gas turbine
system 14 thereby enables controlled loading of steam
turbine system 16. As illustrated, controller 12 controls
airflow control module 20, intake and flow of fuel 32. Also,
controller 12 communicates with load 42, exhaust gas
temperature sensor 60, HRSG steam temperature sen-
sor 62, and steam turbine metal temperature sensor 64,
to load combined cycle power plant 10 along different
loading paths.

[0059] As will be appreciated by one skilled in the art,
the present disclosure may be embodied as a system,
method or computer program product. Accordingly, the
controller 12, as embodied by the disclosure, may take
the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident soft-
ware, micro-code, etc.) or an embodiment combining
software and hardware aspects that may all generally be
referred to herein as a "circuit," "module" or "system."
Furthermore, the present disclosure may take the form
of a computer program product embodied in any tangible
medium of expression having computer-usable program
code embodied in the medium.

[0060] Any combination of one or more computer us-
able or computer readable medium(s) may be utilized in
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or as controller 12. The computer-usable or computer-
readable medium may be, for example but not limited to,
an electronic, magnetic, optical, electromagnetic, infra-
red, or semiconductor system, apparatus, device, or
propagation medium. More specific examples (a non-ex-
haustive list) of the computer-readable medium would
include the following: an electrical connection having one
or more wires, a portable computer diskette, a hard disk,
a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical
storage device, atransmission media such as those sup-
porting the Internet or an intranet, or a magnetic storage
device. Note that the computer-usable or computer-read-
able medium could even be paper or another suitable
medium upon which the program is printed, as the pro-
gram can be electronically captured, via, for instance,
optical scanning of the paper or other medium, then com-
piled, interpreted, or otherwise processed in a suitable
manner, if necessary, and then stored in a computer
memory. In the context of this document, a computer-
usable or computer-readable medium may be any me-
dium that can contain, store, communicate, propagate,
or transport the program for use by or in connection with
the instruction execution system, apparatus, or device.
Memory and/or storage system can comprise any com-
bination of various types of non-transitory computer read-
able storage medium including magnetic media, optical
media, random access memory (RAM), read only mem-
ory (ROM), etc. The computer-usable medium may in-
clude a propagated data signal with the computer-usable
program code embodied therewith, either in baseband
or as part of a carrier wave. The computer usable pro-
gram code may be transmitted using any appropriate me-
dium, including but not limited to wireless, wireline, opti-
cal fiber cable, RF, etc.

[0061] Computer program code for carrying out oper-
ations of controller 12, as embodied by the disclosure,
may be written in any combination of one or more pro-
gramming languages, including an object oriented pro-
gramming language such as Java, Smalltalk, C++ or the
like and conventional procedural programming languag-
es, such as the "C" programming language or similar pro-
gramming languages. The program code may execute
entirely on the user’'s computer, partly on the user’'s com-
puter, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or en-
tirely on the remote computer or server. In the latter sce-
nario, the remote computer may be connected to the us-
er's computer through any type of network, including a
local area network (LAN) or a wide area network (WAN),
or the connection may be made to an external computer
(for example, through the Internet using an Internet Serv-
ice Provider).

[0062] These computer program instructions may also
be stored in a computer-readable medium that can direct
a computer or other programmable data processing ap-
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paratus to function in a particular manner, such that the
instructions stored in the computer-readable medium
produce an article of manufacture including instruction
means which implement the function/act specified in the
flowchart and/or block diagram block or blocks.

[0063] The computer program instructions may also
be loaded onto a computer or other programmable data
processing apparatus to cause a series of operational
steps to be performed on the computer or other program-
mable apparatus to produce a computer implemented
process such that the instructions which execute on the
computer or other programmable apparatus provide
processes for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks.
[0064] Inoperation, controller 12 manages airflow con-
trol module 20 and consumption of fuel 32 to change
loading of gas turbine system 14. Control of airflow con-
trol module 20 and consumption of fuel 32 thusly controls
loading of gas turbine system 14. In turn, control of airflow
control module 20 and consumption of fuel 32 thereby
controls loading of combined cycle power plant 10. In
other words, as embodied by the disclosure, control of
airflow control module 20 and consumption of fuel 32
controls and can change loading of gas turbine system
14 thereby controlling how combined cycle power plant
10 provides electrical power output to electrical grid 144.
[0065] In afurther aspectof the embodiments, control-
ler 12 adjusts mass flow rate and temperature of gas
turbine exhaust gas 44, which controls how rapidly HRSG
18 produces steam for steam turbine system 16. Adjust-
ing mass flow rate and temperature of exhaust gas 44
controls how quickly combined cycle power plant 10 can
produce electrical power using loads 42 and 52. For ex-
ample, but not intending to limit the embodiments in any
manner, when controller 12 increases airflow with airflow
control module 20, an increased amount of airflow can
flow through compressor 22, flow through combustor 24,
and flow through gas turbine 26. Accordingly, anincrease
in airflow correspondingly increases mass flow rate of
exhaust gas, and thus torque on shaft 40.

[0066] Moreover, an increase in mass flow rate of ex-
haust gas 44 increases the amount of thermal energy
available for HRSG 18 to produce steam, or by enabling
more exhaust gas 44 to be able to flow to and through
HRSG 18. An increase in HRSG 18 steam production
can expedite startup time for steam turbine system 16.
Thus, increase in HRSG 18 steam production can start
steam turbine system 16 faster and accordingly reduce
time for electrical output from load 52 to grid 144.
[0067] As noted above, controller 12 controls fuel flow
and consumption by gas turbine system 14. Control of
fuel 32 flow affects mass flow rate through gas turbine
system 14 and thermal energy available for HRSG 18.
Therefore, as embodied by the disclosure, when control-
ler 12 increases gas turbine fuel consumption, tempera-
ture of exhaust gas 44 increases. Theincrease in exhaust
gas 44 temperature enables HRSG 18 to corresponding-
ly produce steam at higher temperatures and pressures.
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Higher steam temperatures and pressures may increase
power production by steam turbine system 16. However,
when controller 12 decreases fuel consumption, a cor-
responding reduction in exhaust gas 44 temperature may
occur. If there is a reduction in exhaust gas 44 temper-
ature, it may lessen mechanical energy available to drive
load 42. Accordingly, less thermal energy may be avail-
able to produce steam for steam turbine system 16 to
drive load 52.

[0068] Controller 12 is configured to enable variable
block loading operations via differentloading paths of the
combined cycle power plant 10 following a black out sit-
uation. Controller 12 regulates/controls loading and op-
eration of combined cycle power plant 10 in zones for
block loading, as set forth herein. Referencing FIG. 1 and
FIG. 3, afirst Zone (Zone 1) or part of block loading op-
erations following a black out situation is where electricity
to grid 144 is provided by gas turbine system 14 acting
alone. Steam turbine system 16 is offline on turning gear
only at this zone of block loading of grid 144. Gas turbine
system 14 will be supporting block loading per grid 144
requirements, maintaining a frequency within predeter-
mined range of power grid 144, as blocks of load of var-
ious sizes are added or even removed from power grid
144.

[0069] In order to ensure that the frequency remains
within predetermined range of power grid 144, in Zone
1, gas turbine system 14 operates in what is known as
"pseudo-isochronous" mode. This pseudo-isochronous
mode is a standard control mode used when a gas turbine
is operated in an islanding mode, and controls load or
generator 42 to electrical grid 144, with the explicit pur-
pose of regulating the electrical frequency of the electrical
grid 144.

[0070] A characteristic of block loading following a
black out situation includes an immediate increase in an
electrical outputtoload or generator 42 of combined cycle
power plant 10. However, as mechanical power output
of gas turbine system 14 cannot respond as fast as elec-
trical demand of the load or generator 42, a resulting
torque imbalance on gas turbine system 14 and shaft 40
may result in slowing or "drooping" as discussed above.
The drooping may continue during block loading until me-
chanical output increases to balance an electrical de-
mand. Combined cycle power plant 10 frequency re-
sponse can be seen as two distinct portions. One portion
can be defined as an initial, fast-acting portion, which is
due to normal droop in loading, followed by a slower ac-
tion portion, which is due to a "pseudo-isochronous" con-
trol loop. "Pseudo-isochronous" control loop acts to ramp
load speed back to a nominal value, for example if load
is a generator, a nominal value of 50 Hz or 60 HZ.
[0071] In normal islanding/pseudo-isochronous oper-
ations, gas turbine system 14 inlet guide vane (IGV) con-
trols exhaust temperature and/or firing temperature de-
pending on gas turbine 26 loading demands. In general,
control of either gas turbine 26 exhaust gas 44 temper-
ature or firing temperature is along a traditional load path.
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However, in a block loading scenario of combined cycle
power plant 10, in particular after a black out, gas turbine
exhaust gas 44 temperatures must be controlled in ac-
cordance with steam turbine 48 temperature require-
ments, and in particular steam turbine 48 temperature
matching requirements. This control occurs, especially
but not limited to, in an initial phase of a block loading,
can ensure that steam turbine system 16 can be brought
online efficiently and effectively, with the exhaust gas
temperature matching steam temperature requirements
for the steam turbine startup.

[0072] As embodied by the disclosure, block loading
in accordance to one aspect, includes independent con-
trol of gas turbine loading for speed or grid frequency
control. Also, block loading of combined cycle power
plant 10, as embodied by the disclosure, includes inde-
pendent control of exhaust gas 44 temperature for steam
cycle startup. There are two commonly used control
methods for achieving such block loading independent
control \ exhaust gas 44 temperature. The first is tem-
perature matching control and the second is variable load
path (VLP) control.

[0073] When the temperature matching control occurs
typically at a spinning reserve of combined cycle power
plant 10 with a reference or target temperature below a
currenttemperature of exhaust gas 44. With temperature
matching control, gas turbine system 14 first loads along
aminimum IGV air flow position until a minimum exhaust
gas 44 temperature required to enable temperature
matching is reached. At this point, IGVs in air flow control
20 of gas turbine system 14 open from a minimum air
flow position to reduce exhaust gas 44 temperature to a
sustained exhaust temperature that matches to a refer-
ence exhaust temperature target. In a normal startup
process, gas turbine 26 load remains fixed at this point
until exhaust gas 44 temperature reference target is grad-
ually increased towards an isotherm, with IGVs returning
towards a minimum air flow position. When IGVs reach
their minimum air flow position, gas turbine system 14
load may thenincrease, if necessary, to continue tracking
exhaust gas 44 temperature reference temperature. Dur-
ing temperature matching control, gas turbine system 14
load follows a required exhaust gas 44 temperature, and
thus independent load control is not feasible. According-
ly, this "standard" exhaust temperature matching control
method is incompatible with block loading operations.
[0074] Therefore, variable load path (VLP) as embod-
ied by the disclosure, is used for block loading operations
of combined cycle power plant 10. VLP provides aflexible
approach to independent control exhaust gas 44 temper-
ature in block loading. VLP provides concurrent and in-
dependent control of gas turbine system 14 loading and
exhaust temperature. Concurrent and independent con-
trol of gas turbine loading and exhaust temperature in
VLP is achieved through independently modulating fuel
flow and airflow to gas turbine system 14. The result,
subject to limitations imposed by gas turbine system 14
and combined cycle power plant 10 operating bounda-
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ries, is an "operating space" not constrained to a single
loading or operating "path."

[0075] VLP load paths, as embodied by the disclosure,
support block loading operations, with a "load priority"
mode and disabling of combined cycle power plant 10
emission’s boundary. Block loading using the pseudo-
isochronous control, in accordance with the embodi-
ments, is compatible with VLP with IGVs controlling gas
exhaust 44 temperature.

[0076] FIG. 2 illustrates possible GT block-loading
paths with respect to steam turbine system operational
constraints. The solid outer lines in FIG. 2 illustrate an
operational boundary for variable block loading paths, as
embodied by the disclosure, taking into consideration the
gas turbine exhaust temperature on the vertical axis with
respect to the load on the gas turbine on the horizontal
axis. As gas turbine exhaust temperature is a function of
fuel flow and air flow to gas turbine system, and gas tur-
bine exhaust temperatures should be at certain steam
turbine system temperature matching conditions forload-
ing steam turbine system, and thus enabling block load-
ing of electrical grid 144, the area in solid lines provides
variable loading paths for combined cycle power plant
10 in blocking loading of electrical grid 144.

[0077] Asembodied by the disclosure, distinct regions
or "zones" of operation are defined in VLP for block load-
ing of a combined cycle power plant in providing electric-
ity to an electrical grid 144. The zones are determined
essentially by the operational state of the steam turbine
during the block loading of combined cycle power plant
startup. FIG. 3 illustrates a representative "warm" start
block loading with 3 distinct zones, Zone 1, Zone 2, and
Zone 3.

[0078] With reference to the figures, including the flow-
chartof FIG. 4, at Z1.1 Zone 1 is the block loading region
where only gas turbine system 14 of combined cycle pow-
er plant 10 is online startup complete, regulating speed
at FSNL. The steam turbine system 16 is offline, or in
other words is on turning gear alone in Zone 1. Also, in
Zone 1, at Z1.2, HRSG 18 and the associated water
steam cycle (WSC) are absorbing GT exhaustand warm-
ing up. Zone 1 at Z1.3, the gas turbine breaker closes,
and gas turbine progresses from intermediate operation
and absorbs unit auxiliary loads. Gas turbine fuelincreas-
es to balance loads and maintain speed control, and gas
turbine IGVs respond to maintain gas turbine exhaust
temperature compatible with steam turbine. At Z1.4, gas
turbine responds to a varying number of variable sized
load blocks, increasing fuel flow to maintain control of
frequency (or speed) and opening IGVs to maintain ex-
haust temperature to be compatible with steam turbine.
At Z1.5, gas turbine holds at the present level until con-
ditions in HRSG and WSC are adequate for admission
of steam to steam turbine.

[0079] Zone 2 is the block loading of combined cycle
power plant 10. Steam conditions suitable for steam tur-
bine startup. Steam turbine accelerates to full speed, and
is broughtonline at Z2.1. As steam turbine comes online,
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power generated by steam turbine is balanced by a re-
duction in power generated by gas turbine at Z2.2. At
Z2.3, additional blocks of grid load are added, now ab-
sorbed by increased power generation by both gas tur-
bine and steam turbine. The gas turbine continues to
maintain exhaust temperature control suitable for steam
turbine operations.

[0080] Zone 3 is the block loading of combined cycle
power plant 10 period. At Z3.1 steam turbine thermal
state reaches point where restrictions on gas turbine op-
erations are no longer required. At Z3.2, unrestricted
block loading of gas and steam turbines resumes, with
larger and more frequent load blocks.

[0081] According to another aspect of the disclosure,
a fourth zone of the block loading VLP period is a return
of combined cycle power plant 10 and gas turbine system
14 to "normal" fully loaded operation (last step in FIG. 4).
Here, regulation can be provided by restored electrical
grid 144. Further block loading of electrical grid 144 is
provided by dispatch commands under standard droop
control.

[0082] In Zone 1, gas turbine system 14 must regulate
its exhaust gas 44 temperature to be compatible with
temperatures needed for starting steam turbine system
16, or as noted above temperature matching conditions.
In Zone 1, as embodied by the disclosure, while gas tur-
bine system 14 is providing block loading to grid 144 and
regulating its exhaust gas 44 temperature, HRSG 18 can
be warming up. Steam production is building and begin-
ning to pressurize a high pressure (HP) header (valves,
seals, headers, piping, and other particulars of HRSG 18
are not illustrated for ease of understanding) in HRSG 18.
[0083] Upon detecting a flame in the gas turbine sys-
tem 14, HRSG 18 can be considered "active" or "in serv-
ice." In this "active" condition in Zone 1, as embodied by
the disclosure, a HP bypass valve opens to allow control
of developing HP header steam to pressurize reheat pip-
ing system of HRSG 18. As pressure rises in reheat pip-
ing system of HRSG 18, HRSG vent valves are opened
to regulate HRSG reheat piping system pressures. This
opening also enables a pressure path in HRSG 18 to
ambient pressure. With a steady reheat piping steam
pressure, gland steam system and steam turbine seals
may be established and steam turbine system 16 con-
denser evacuation or "hogging" can be initiated. When
the condenser pressure has been lowered to admit
steam, HRSG 18 bypass valve(s) can open to regulate
the reheat piping system pressure in preparation for start-
ing steam turbine 48.

[0084] As embodied by the disclosure, as steam tur-
bine system 16 comes online in Zone 2, output power of
steam turbine system 16 will contribute to supporting
block loading. Thus, gas turbine system 14 may unload
toaccountfortheload added by the steamturbine system
16 to load.

[0085] Aspects of embodiments of the disclosure, in-
clude unloading of gas turbine system 14, but controlled
unloading of gas turbine system 14 to ensure that any
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loading of steam turbine system 16 does not resultin gas
turbine system 14 unloading too much so as to have gas
turbine system 14 enter a reverse operation, where load-
ing may not occur. Additionally, in Zone 2, control of gas
turbine system 14 unloading to electrical grid 144, as
embodied by the disclosure, can ensure that any steam
turbine system 16 loading does not result in gas turbine
system 14 unloading too much power to electrical grid
144 to compromise support for combined cycle power
plant 10 auxiliary loads that may be needed. Conse-
quently, as embodied by the disclosure, accepting of suit-
able number of block loads into gas turbine system 14 in
Zone 1 can ensure that gas turbine system 14 unloading
to electrical grid 144 in Zone 2 is not excessive, and is
not detrimental to combined cycle power plant 10 oper-
ation.

[0086] On entry to Zone 2, gas turbine system 14 may
have absorbed several blocks of load, as well as provide
block loading to electrical grid 144, as embodied by the
disclosure. Dependent on the thermal state of steam tur-
bine system 16, combined cycle power plant 10 may be
generating significant load for additional block loading
electrical grid 144. Gas turbine system 14 is regulating
combined cycle power plant 10 electricity being gener-
ated and exhaust gas 44 temperature regulates in ac-
cordance with temperature matching generated by
steam turbine system 16.

[0087] Zone 3 is characterized by "unrestricted" load-
ing, in particular for warm and hot combined cycle power
plants. For a cold combined cycle power plant thermal
state, however, it may be beneficial to release smaller
blocks to electrical grid 144 and widely spaced in time,
because steam turbine system 16 might be stress sen-
sitive. With both gas turbine system 14 and steam turbine
system 16 online in Zone 3, larger blocks of electrical
load to electrical grid 144 can be provided, as the com-
bined inertia of gas turbine system 14 and steam turbine
system 16 can mitigate under-speed droop block loading
of grid 144.

[0088] Approximating language, as used herein
throughout the specification and claims, may be applied
to modify any quantitative representation that could per-
missibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by a term or terms, such as "about," "approximately"
and "substantially," are not to be limited to the precise
value specified. In at least some instances, the approx-
imating language may correspond to the precision of an
instrument for measuring the value. Here and throughout
the specification and claims, range limitations may be
combined and/or interchanged; such ranges are identi-
fied and include all the sub-ranges contained therein un-
less context or language indicates otherwise. "Approxi-
mately" as applied to a particular value of a range applies
to both end values, and unless otherwise dependent on
the precision of the instrument measuring the value, may
indicate +/- 10% of the stated value(s).

[0089] The corresponding structures, materials, acts,
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and equivalents of all means or step plus function ele-
ments in the claims below are intended to include any
structure, material, or act for performing the function in
combination with other claimed elements as specifically
claimed. The description of the present disclosure has
been presented for purposes of illustration and descrip-
tion but is not intended to be exhaustive or limited to the
disclosure in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the dis-
closure. The embodiment was chosen and described in
order to best explain the principles of the disclosure and
the practical application, and to enable others of ordinary
skill in the art to understand the disclosure for various
embodiments with various modifications as are suited to
the particular use contemplated.

Claims

1. A method of block loading an electrical grid (144)
with a combined cycle power plant (10), the method
comprising:

operating a gas turbine system (14) of the com-
bined cycle power plant (10) in an islanding
mode with a steam turbine system (16) of the
combined cycle power plant (10) offline (46) with
turning gear rotating only;

loading the steam turbine system (16) accord-
ingly to temperature matching conditions of the
steam turbine system (16), wherein the loading
of the steam turbine system (16) includes con-
trolling gas turbine (26) exhaust fed to the steam
turbine system (16) and controlling a gas turbine
(26) exhaust temperature heats the steam tur-
bine system (16) and to meet temperature
matching conditions of the steam turbine system
(16);

wherein controlling gas turbine (26) exhaust in-
cludes controlling fuel (32) flow and air flow to
the gas turbine system (14); and

operating at least one of the gas turbine system
(14) and steam turbine system (16) to block load
(52) the electrical grid (144) from a load (52) on
at least one of gas turbine system (14) and
steam turbine system (16).

2. The method according to claim 1, wherein only the
gasturbine system (14) of the combined cycle power
plant (10) provides electricity to the electrical grid
(144) when the gas turbine system (14) is in the is-
landing mode.

3. The method according to claim 1, wherein both the
gas turbine system (14) and steam turbine system
(16) provide electricity to the electrical grid (144)
when the temperature matching conditions of the
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steam turbine system (16) are met.

The method according to claim 3, wherein controlling
gas turbine (26) exhaust temperature includes con-
trolling fuel (32) flow to the gas turbine system (14).

The method according to claim 3, wherein controlling
gas turbine (26) exhaust temperature includes con-
trolling airflow to the gas turbine system (14).

The method according to claim 1, wherein the steam
turbine system (16) includes a heat recovery steam
generator (42), the method further includes flowing
gas turbine (26) exhaust gas (44) to the heat recov-
ery steam generator (42) of the steam turbine system
(16), and further controlling the temperature of the
gas turbine (26) exhaust provided to the heat recov-
ery steam generator (42) for temperature matching
conditions of the controlling fuel (32) flow to the gas
turbine system (14).

The method according to claim 1, wherein the vari-
able loading paths is a response to at least one of:

control of air flow to the gas turbine system (14);
control of fuel (32) flow to the gas turbine system
(14); and

temperature matching of gas turbine (26) ex-
haust with temperature matching conditions of
the steam turbine system (16).

The method according to claim 7, wherein the steam
turbine system (16) includes a heat recovery steam
generator (42), the method further includes flowing
gas turbine (26) exhaust gas (44) to the heat recov-
ery steam generator (42) of the steam turbine system
(16), and further controlling the temperature of the
gas turbine (26) exhaust provided to the heat recov-
ery steam generator (42) for temperature matching
conditions of the controlling fuel (32) flow to the gas
turbine system (14).

The method according to claim 8, wherein the steam
turbine system (16) can block load (52) the electrical
grid (144) in conjunction with block loading of the
electrical grid (144) by the gas turbine system (14),
the block loading of the electrical grid (144) by the
gas turbine system (14) is configured to occur after
temperature matching conditions between the gas
turbine (26) exhaust temperature and the steam tur-
bine system (16) temperature matching conditions
have met a threshold correspondence value.

The method according to claim 1, wherein operating
the gas turbine system (14) in the islanding mode
further includes warming up steam turbine system
(16) components; the method further including op-
erating the gas turbine system (14) at an intermedi-
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ate load (52) condition until a steam turbine (48) of
the steam turbine system (16) begins accelerating
to full speed.

The method according to claim 1, wherein loading
of steam turbine system (16) continues until a steam
turbine (48) of the steam turbine system (16) enters
inlet pressure control and temperature matching
conditions of steam turbine system (16) are met by
gas turbine (26) exhaust gas (44).

The method according to claim 1, wherein once tem-
perature matching conditions are met, loading of the
gas turbine system (14) and the steam turbine sys-
tem (16) continue until the loading is complete and
block loading of the electrical grid (144) can continue
from loads (52) connected to the gas turbine system
(14) and the steam turbine system (16).

The method according to claim 1, wherein loading
of the electrical grid (144) by the gas turbine system
(14) is controlled to ensure that the steam turbine
system (16)loading does not resultin the gas turbine
system (14) unloading to the electrical grid (144) to
an extent to compromise support for auxiliary loads
(52) of the combined cycle power plant (10).

A controller (12) for block loading an electrical grid
(144) with a combined cycle power plant (10), the
control causing the combined cycle power plant (10)
to flexibly operate and load (52) a gas turbine system
(14) of the combined cycle power plant (10), the con-
troller (12) enabling:

operating a gas turbine system (14) of the com-
bined cycle power plant (10) in an islanding
mode with a steam turbine system (16) of the
combined cycle power plant (10) offline (46) with
turning gear rotating only;

loading the steam turbine system (16) accord-
ingly to temperature matching conditions of the
steam turbine system (16), the loading of the
steam turbine system (16) includes as control-
ling gas turbine (26) exhaust fed to the steam
turbine system (16) and controlling a gas turbine
(26) exhaust temperature heats the steam tur-
bine system (16) and to meet temperature
matching conditions of the steam turbine system
(16);

wherein controlling gas turbine (26) exhaust in-
cludes controlling fuel (32) flow and air flow to
the gas turbine system (14) and

operating at least one of the gas turbine system
(14) and steam turbine system (16) to block load
(52) the electrical grid (144) from a load (52) on
at least one of gas turbine system (14) and
steam turbine system (16).
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15. The controller (12) according to claim 14, wherein
the controller (12) further manages only the gas tur-
bine system (14) of the combined cycle power plant
(10) to provide electricity to the electrical grid (144)
when the gas turbine system (14) is in the islanding
mode.
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Z1.1 Gas turbine startup complete, regulating speed at FSNL. ST offline
on turning gear

v

Z1.2 HRSG and associated water steam cycle absorbing GT exhaust and
warming up

v

Z1.3 GT breaker closes, and GT absorbs unit auxiliary loads. GT fuel
increases to balance loads and maintain speed control, GT IGVs respond
to maintain GT exhaust temperature compatible with ST

v

Z1.4 GT responds to a varying number of variable sized load blocks,
increasing fuel flow to maintain control of frequency (or speed) and
opening IGVs to maintain exhaust temperature compatible with ST

v

Z1.5 Gas turbine holds at the present level until conditions in HRSG and
WSC are adequate for admission of steam to steam turbine

v

Z2.1 Steam conditions suitable for steam turbine startup. Steam turbine
accelerates to full speed, and brought online

v

Z2.2 As steam turbine comes online, power generated by steam turbine is
balanced by a reduction in power generated by gas turbine

v

Z2.3 Additional blocks of grid load are added, now absorbed by increased
power generation by both the GT and ST. The gas turbine continues to
maintain exhaust temperature control suitable for ST operations

v

Z3.1 ST thermal state reaches point where restrictions on gas turbine
operations are no longer required

v

Z3.2 Unrestricted block loading of gas and steam turbines resumes, with
larger and more frequent load blocks

v

Block loading operation complete — resumption of normal dispatch
operations

FIG. 4
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